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human  diabetes  has  traditionally  been 
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glycemia  (the  chicken and  the  egg)  is  a 
concept of profound relevance to manage-
ment  strategies  for diabetes,  given  that 























Clues to the pathogenesis  
of disordered motility  














(STZ-induced)  diabetic  rats  and  may 
Figure 1
The pathogenesis of gastrointestinal dysfunc-
tion in a diabetic mouse model, as proposed 
by Anitha et al. (18). Mice that are hypergly-
cemic as a result of STZ-induced diabetes 
have apoptosis of enteric neurons in the 
myenteric plexus, associated with delayed 
gastric emptying and rapid intestinal transit 
when compared with control mice. Activity 
of the PI3K/Akt pathway is decreased in the 
diabetic mice, which implies an impairment of 
retrograde axonal transport of neurotropic fac-
tors. Both neuronal apoptosis and disordered 
gastrointestinal motility are prevented in mice 
that overexpress GDNF.
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account for abnormalities of axonal growth 








While  the  extrinsic  autonomic nerves 
allow for central modulation of gut func-
tion, it is the enteric nervous system, incor-
porating  the  submucus  and myenteric 
plexuses, that coordinates gastrointestinal 
motility more  directly.  In  STZ-induced 



























































diabetes?  The  available  information  in 
humans is limited by the relatively small 
number  of  studies  and  the  substantial 
logistical difficulties in obtaining tissue 
and controlling for variables, such as the 

















and a poor  response  to  treatment with 
gastric electrical pacing (22). There is also 
evidence for preferential loss of inhibitory 
















































nate  between  the  various  humoral  and 





































































nitric  oxide  synthase  expression  and  function 
that is lost in diabetic gastropathy. J. Clin. Invest. 
106:373–384.


























































Insulin’s effect on the liver: “Direct or indirect?” 
continues to be the question
Jean Girard
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For a  long time  it was believed that  the 
inhibition of hepatic glucose production 













Indirect action of insulin on HGP







of  insulin  on  lipolysis  and  proteolysis. 
Insulin induces a decrease in the release 
of nonesterified fatty acids and glycerol 
from adipose tissue (8) and gluconeogenic 
precursors from skeletal muscles (9), thus 
causing a decrease  in hepatic gluconeo-
genesis. More recently, insulin action on 
the brain has been demonstrated to play a 
role in the regulation of HGP (10): infusion 
of insulin in the third cerebral ventricle of 
rats reduces HGP. The blockade of insulin 
receptors in the rodent hypothalamus (by 
injection of antisense oligonucleotides that 
